Background {#S0001}
==========

Invasive aspergillosis is common in immunosuppressed patients with hematologic malignancies who have undergone hematopoietic cell transplantation or solid organ transplantation, but is uncommon in those who are not neutropenic. Rare cases of invasive aspergillosis have been described in immunocompetent individuals after non-fatal drowning.[@CIT0001]--[@CIT0006] Given the diagnostic difficulties and rapidly progressive nature of this disease, the mortality rate is high at 50%.[@CIT0001] Here we report a fatal case of invasive aspergillosis with pulmonary embolism after non-fatal drowning.

Case Presentation {#S0002}
=================

A 75-year-old Japanese man with hypertension and sequelae of ischemic stroke and mild right hemiplegia accidentally fell into a creek (depth of water about 0.3 m) on 2nd Dec 2016. He was found with his face submerged in the water. After being rescued, he was first brought to a local hospital that was not ours, near Kurume City, Fukuoka Prefecture, Japan. On arrival at that hospital, his Glasgow Coma Scale was E3V3M6, body temperature was 33.4°C, heart rate was 88 beats/min, blood pressure was 120/60 mmHg, respiratory rate was 26 breaths/min, and oxygen saturation was 92% on supplemental oxygen at a flow rate of 10 L/min. He had no obvious injury but showed bilateral coarse crackles and hypothermia. Rewarming using a warming blanket and antibiotic therapy (ampicillin and sulbactam) were started. Even after starting non-invasive ventilation, the patient's oxygenation steadily deteriorated to oxygen saturation levels at 80% on 100% oxygen. He was intubated and mechanically ventilated, and transferred to the emergency department of our tertiary hospital in Kurume City on the same day.

On arrival at our hospital, he was sedated with propofol. His body temperature was 36.4°C, heart rate was 104 beats/min, blood pressure was 123/84 mmHg, respiratory rate was 30 breaths/min, and oxygen saturation level was 91% on supplemental oxygen at a flow rate of 10 L/min. The physical examination was unremarkable except for bilaterally diminished breath sounds. Arterial blood gas analysis showed a pH of 7.34, a PaCO~2~ of 42 mmHg, a PaO~2~ of 199 mmHg, and an HCO~3~ of 21.9 mmol/L under 100% oxygen.

Laboratory investigations on day 1 (2nd Dec) showed a white blood cell count of 2980/μL (normal range 3500-9000/μL) with 63.5% neutrophils (normal range 40-73%), a hemoglobin level of 15.3 g/dL (normal range 13--17 g/dL), a platelet level of 159,000/μL (normal range 140,000--340,000/μL), a C-reactive protein level of 0.6 mg/dL (normal range 0--0.2 mg/dL), and a highly increased procalcitonin level of 59.37 ng/mL (normal range \<0.05 ng/mL). Ultrasonographic examination of the heart on the same day showed a normal ejection fraction with no valvular disease. Chest radiography and computed tomography (CT) of the lung showed diffuse infiltrates bilaterally with no pleural effusion ([Figure 1](#F0001){ref-type="fig"}).Figure 1(**A**) A chest radiograph and (**B**) a computed tomography scan of the chest showing diffuse bilateral infiltrates.

The diagnosis was acute respiratory distress syndrome (ARDS) caused by aspiration pneumonitis as a result of non-fatal drowning and septic shock. He was treated with isotonic crystalloids, an intravenous broad-spectrum antibiotic (meropenem 1.0 g every 12 hrs), vasopressors, and protective ventilation. Methylprednisolone 80 mg daily was started on day 3 for ARDS (Figure 2A). A beta-D-glucan assay (β-glucan test; FUJIFILM Wako Pure Chemical Corporation, Japan) on day 4 found it to be elevated at 37.6 pg/mL (normal range \<11.0 pg/mL); serum galactomannan was not measured. The vasopressors could be stopped on day 5 but the hypoxia did not improve ([Figure 2B](#F0002){ref-type="fig"}). On day 6, the tracheal aspirate culture was found positive for *Aeromonas hydrophila* but the blood culture was negative. The patient was switched to piperacillin/tazobactam at a dosage of 4.5 g every 6 hrs based on the susceptibility test. The hypoxia continued to worsen and the patient died on day 7.Figure 2Chest radiographs obtained on day 3 (**A**) and 5 (**B**).

CT scans obtained at autopsy did not reveal any focal lesion in the brain; however, both lungs were completely infiltrated with effusion ([Figure 3](#F0003){ref-type="fig"}), were severely congested, and each weighed over 1000 g ([Figure 4A](#F0004){ref-type="fig"}). An embolus was detected in the right pulmonary artery ([Figure 5A](#F0005){ref-type="fig"}) but not in either femoral vein. Microscopic analysis with Grocott staining revealed diffuse filamentous fungi throughout the lungs within necrotizing tissue and intravascular lesions ([Figure 4B](#F0004){ref-type="fig"}), as well as in the heart, stomach, and thyroid gland. The pulmonary embolus also contained filamentous fungi ([Figure 5B](#F0005){ref-type="fig"}), which might have been responsible for the patient's acute deterioration. We cultured biopsies from both lungs taken from the histological preparations and the fungi were identified as *Aspergillus fumigatus*. Therefore, we diagnosed this case as invasive aspergillosis complicated by pulmonary embolism.Figure 3Computed tomography scans obtained at autopsy show that the lungs were completely infiltrated by effusion.Figure 4(**A**) Both lungs were massively congested. (**B**) Numerous filamentous fungi are seen in the lung after Grocott staining (×400).Figure 5(**A**) The right pulmonary artery contained an embolus (arrow). (**B**) Filamentous fungi (arrow) were detected in the embolus by Periodic acid-Schiff staining (×400).

Discussion {#S0003}
==========

A 75-year-old immunocompetent Japanese man succumbed to severe respiratory failure after non-fatal drowning and was found at autopsy to have invasive aspergillosis complicated by pulmonary embolism. Pneumonitis and pneumonia after non-fatal drowning are often encountered in clinical practice and the causative pathogens are numerous. *Aeromonas* species, *Burkholderia pseudomallei, Chromobacterium violaceum*, and *Streptococcus pneumoniae* are frequently reported fresh-water pathogens, while *C. violaceum, Pseudomonas aeruginosa*, and *Pseudallescheria boydii* are common causative organisms in contaminated stagnant water.[@CIT0007] Fungi known to cause invasive disease after non-fatal drowning include *P. boydii* and, to a lesser degree, *Aspergillus* species. A search of the PubMed database using the search terms "aspergillosis" and "drowning" yielded 13 cases published between 1984 and 2016 ([Table 1](#T0001){ref-type="table"}). These reports are from many countries and all patients involved were immunocompetent. The diagnosis of aspergillosis was made by microbiologic testing with or without galactomannan assay. The mortality rate was high at 62%, even though most cases were treated with antifungal agents. Furthermore, none of the survivors had an infection in their central nervous system.Table 1Reports of Invasive Pulmonary *Aspergillus Fumigatus* After Non-Fatal Drowning (1984--2016)YearCountryAge/GenderImmunodeficiencySubmersion IncidentSite of InfectionDiagnostic StudiesARDSAntifungal TherapySteroidsSurvival (LOS Days)1984[@CIT0011]Netherlands27/MNoDitch following a car accidentPulmonarySerologic IgG/IgM and culture (sputum)YesAmphotericin B + flucytosine (IV and inhaled)Dexamethasone 50mg + prednisolone 340mg (total)Yes (41)1995[@CIT0012]Netherlands62/MNoDitch following a car accidentPulmonary, CNSCulture (sputum)YesAmphotericin B + flucytosine (route not stated)Hydrocortisone 300mg dailyNo (19)1996[@CIT0006]Japan21/MNoReservoir by a traffic accidentPulmonaryGalactomannan (serum, BAL) and culture (sputum, BAL)YesAmphotericin B (IV) + itraconazole (orally)Methylprednisolone 1000mg dailyYes (over 5 months)2004[@CIT0005]Brazil26/MNoMangrove swampCNSCulture (CSF)NoAmphotericin B (IV and intrathecally) + itraconazole (IV)Dexamethasone 12mg dailyNo (56)2006[@CIT0004]Netherlands10 months/FNoPond followed by respiratory arrestPulmonary, CNSGalactomannan (serum) and culture (sputum, brain biopsy, and pus)YesItraconazole (IV)Prednisone 2 to 1mg/kg dailyNo (16)2011[@CIT0013]China72/FNoDitch by a traffic accidentPulmonary, CNSCulture (sputum)YesVoriconazole (route not stated)NoNo (25)32/FNoDitch by a traffic accidentPulmonaryCulture (sputum)YesVoriconazole + caspofungin (route not stated)YesYes (40)18/MNoSewage by accidentPulmonaryCulture (sputum)YesAmphotericin B + voriconazole + caspofungin (route not stated)YesYes (33)2012[@CIT0003]Japan68/FNoTsunamiPulmonaryCulture (sputum)YesMicafungin (IV)N/ANo (18)2014[@CIT0014]USA51/FNoDitch following a car accidentPulmonaryGalactomannan (serum) and culture (BAL)YesLiposomal amphotericin B or voriconazole (IV) + amphotericin B (inhaled)Methylprednisolone 100mg daily to 1mg/kg dailyNo (30)2015[@CIT0001]USA30/MNoRiver following a car accidentPulmonaryGalactomannan (BAL) and culture (BAL, sputum, pleural fluid)YesVoriconazole + micafungin (IV) + amphotericin B (inhaled)N/AYes (2 months)2015[@CIT0002]India28/MNoFall in a tank of a paper factoryPulmonary, CNSGalactomannan (serum) and culture (sputum, transbronchial biopsy, BAL)YesVoriconazole + caspofungin (route not stated)N/ANo (10)2016[@CIT0015]Italy53/MNoN/APulmonaryGalactomannan (serum) and culture (BAL)YesLiposomal amphotericin B + voriconazole (via nasogastric tube)N/ANo (12)[^1]

We did not consider that this patient could have a fungal infection and therefore did not implement the appropriate diagnostic test and targeted therapy, which may have contributed to the deterioration of his condition. There are several reasons why a fungal infection was missed in this case. First, although the patient had respiratory failure after non-fatal drowning, aspergillosis was not considered because he was fully immunocompetent. Moreover, although he showed mild right hemiplegia following a stroke, he had good swallowing function and no history of aspiration pneumonia. No other co-morbidities were observed in this case except hypertension. For these reasons, we misinterpreted the elevated β-glucan test result as a false positive and did not conduct any further tests. Second, fungi were not identified from the tracheal aspirate culture in our hospital. However, we later found out that an airway aspirate sample tested at the primary hospital was positive for *A. fumigatus*. Since a culture of any biological specimen is not very sensitive and takes about 5 days, histopathological findings and galactomannan levels from bronchial alveolar lavage (BAL) or lung biopsy are essential for early diagnosis of invasive aspergillosis. Unfortunately, the rapid progression of the disease, lasting only 7 days in the hospital, and severe hypoxia did not allow us to investigate the presence of opportunistic rare infections or perform any invasive procedures such as bronchoscopy and BAL or biopsy. Although serum galactomannan is not sensitive outside the hematology context, it is a non-invasive test and should have been measured in this case. Serial galactomannan measurements can, in fact, be helpful for early diagnosis of invasive aspergillosis.[@CIT0004]

Invasive aspergillosis can occur in hosts who are not severely immunocompromised, particularly patients with chronic obstructive pulmonary disease (COPD). Airway colonization by *Aspergillus* species is common among COPD patients in intensive care units.[@CIT0008] Although there was no obvious history of COPD in our patient, he had a long history of smoking and, therefore, the impaired ciliary activity might have affected the defense mechanisms of the airways and allowed for fungal invasion. Moreover, as he had hypothermia his first presentation and his baseline white cell count was low, he may have had an impaired immune response. The use of methylprednisolone for ARDS could have also worsened his untreated aspergillosis. Most previously reported cases presented with ARDS but steroid usage varied between cases ([Table 1](#T0001){ref-type="table"}). Steroids not only decrease the antifungal activity of alveolar macrophages but also enhance the growth of *A. fumigatus* in vitro.[@CIT0009] Furthermore, non-fatal drowning has been reported to be a risk factor for invasive pulmonary aspergillosis in critically-ill non-neutropenic patients.[@CIT0010]

A right pulmonary artery embolus containing *A. fumigatus* was discovered in this patient despite thromboprophylaxis with unfractionated heparin and compression stockings. Given that no thrombus was found in the veins of the lower limbs at autopsy, it appears that the embolism was caused by the angioinvasiveness of *Aspergillus* species. This pulmonary embolism may have contributed to the rapid deterioration of this patient. Our case had the shortest length of hospital stay, only 7 days, compared with all previous fatal cases ([Table 1](#T0001){ref-type="table"}). No other case reported invasive aspergillosis complicated by pulmonary embolism. Although we could not administer any antifungal therapy in this case, parenteral voriconazole is the first-line therapy for invasive aspergillosis. It has been reported to improve chances of survival and to have fewer side effects than amphotericin B as shown in a randomized control trial.[@CIT0016]

Conclusions {#S0004}
===========

We encountered a case of invasive aspergillosis complicated by pulmonary embolism after non-fatal drowning that was ultimately fatal. Invasive aspergillosis should be suspected in patients with severe respiratory failure who have been exposed to stagnant water and are unresponsive to broad-spectrum antibiotics, even if they are immunocompetent. Bronchoscopy should also be conducted in such patients to aid diagnosis as the serum galactomannan test alone is not sufficiently sensitive. If not treated correctly, angioinvasive aspergillosis can even result in fatal pulmonary embolism. Early targeted testing for *Aspergillus* species and treatment using empiric intravenous voriconazole should be considered in such cases.
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